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Summary
Introduction
There are 17 landholders in the Upper Slab Hut Catchment and they are experiencing
increasing problems with salinity and water management. The groundwater is saline and
lies close to the soil surface causing the deterioration of roads, death of trees and the
reduction in productivity of some agricultural land. Some areas in the catchment have
become salt-affected and salinity is on the increase.
The Upper Slab Hut Catchment was selected as a Focus Catchment after a process of
consultation with the community and Agriculture WA. The Catchment Hydrology Group
has been asked to study and investigate the groundwater and land salinity of the
catchment and develop options for management and monitoring.
The Upper Slab Hut Catchment
The study area covers the Upper Slab Hut Catchment. The area of this catchment is
25,400 ha and is located approximately 120 km north-west of Albany. Approximately
85% of the study area is located to the east of Albany Highway. The nearest town to the
study area is Kojonup (population 900) which is 20 km north-west of the study area. The
western half of Upper Slab Hut is within the Kojonup Shire (population 2300) and the
eastern half is in the Tambellup Shire (population 800).
The average annual rainfall is 460 mm. Seventy five percent of this falls during the
growing season (between May and October). The average monthly rainfall exceeds pan
evaporation during June and July, so this is when surface runoff is generated. The
baseflow in creek lines continues until September. The catchment drains into the
Gordon River and subsequently into the Frankland River. The flow enters the Southern
Ocean through the Nornalup Inlet at Walpole.
Objective
The objectives of this study are to define the present salinity status of the Upper Slab
Hut Catchment and suggest management strategies to overcome or reduce the severity
of salinity.
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Methods and materials
The present extent of salinity
The present extent of salinity and the potential extent of soil salinity in the study area
were estimated using five methods:
i) interpretation of aerial photographs (1993);
ii) a drilling program;
iii) maps produced by the Land Monitor Project, which were used to show
historical changes in the extent of salinity;
iv) Ground based geophysical survey (by using a Geonics EM38 instrument) to
confirm the severity of salt-affected areas; and
v) groundwater level data and trends, which identified areas in danger of
becoming saline.
Drilling
.Agriculture WA drilled twenty-two bores in May 1997 to find groundwater levels and
salinities in the study area. The drilling profiles (i.e. the regolith material and thickness of
each layer) were described while drilling and samples were collected from every metre
depth interval for analysis. Standard techniques were then used to measure the
electrical conductivity and the total soluble salt in the samples. These measurements
indicated the salt concentration in the regolith and the salt storage in the area.
Groundwater levels and the salinity of water in the bores were also used to assess the
salinity status of the study area.
Land form pattern maps
Maps showing landform patterns of the area were used to differentiate between, and
describe the attributes of, various parts of the catchment. Integrating this knowledge with
other information about the soil and water enabled an assessment of the present extent
of salinity and the potential for salinity to develop in particular areas.
Annual recharge
Annual recharge was estimated for the study area using AgET, a simple water balance
calculator. It was important to estimate recharge because it helped us identify
agricultural practices that are more likely to have lower recharge and therefore cause
less salinity.
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Results
Physiography
Earth movements during the Tertiary period (past 65 million years) resulted in uplifting of
the landscape and formation or reactivation of shear zones and fault lines in the study
area. The uplifting provided the necessary relief to cause landscape dissection. As a
result, the shear zones and fault lines have eroded rapidly and created the present
dissected landscape.
Geology
The basement rocks are composed of medium and even-grained granites of Archaean
origin, intruded by dolerite dykes with mainly north-west/south-east trends. In the
majority of areas, the weathering profiles are shallow to moderately deep (<15 m), while
the underlying granitic rocks in the zone termed Broad Crests are deeply weathered (>
15 m). The regolith at these sites are probably typical of the profiles found on the ancient
plateau before the new drainage system was rejuvenated.
Hydrology
Groundwater was found in bores drilled in the upper slopes, however, drilling showed no
permanent aquifer under the catchment divides. Where present, the aquifers are local
and flow takes place in basement fractures (near catchment and subcatchment divides).
Along the slopes, flow may also occur just above basement rocks (in the saprolite zone).
The aquifers are separated by basement highs composed of granite. In this study area,
the boundaries of the aquifers are the same as the physical boundaries of the catchment
and subcatchments. The local aquifers continue under the slopes of thezones termed
Low hills and Valleys. The groundwater discharges (comes to the surface) in the lower
slopes and creek lines. Geological structures control most of the discharge sites, which
are in the form of hillside seeps, spring lines and seeps along the creek lines.
The recharge estimates suggest that annual recharge takes place in cleared agricultural
parts of the study area. The rate of recharge depends on the annual rainfall and
vegetation cover. For example, on sandy soils that support only volunteer pasture, up to
20% (95 mm) of the annual rainfall may recharge the aquifer. In a year with average
rainfall, recharge under annual pastures is approximately 80 mm and under cereals it is
between 35 and 60 mm. Evidences from nearby catchments, shows that groundwater
levels are rising under mid-slopes. The rate of rise has been between 0.20 m and 0.30
m per year and similar rates of rise, in the study area, are likely.
Present and potential salinity of the study area
Groundwater levels in lower slopes and in low-lying areas of the study area are at, or
close to, the soil surface. In these areas, saline water seeps to the surface through
capillary pores, old root channels and hillside seeps causing soil salinity. At present, the
salt-affected land in the study area is mostly in the shape of narrow strips confined to the
creek lines. Future expansion of salt-affected areas will be in the form of hillside seeps
and spring lines on the lower slopes and along creeks. At present, approximately 5% of
the study area is salt-affected. Under current management practices, the extent of
salinity may increase to between 10% and 15% of the study area. The results of our
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study show that salinity is probably the biggest land degradation hazard in the Upper
Slab Hut Catchment. However, despite the figures for potential salinity, this study area
has a lower salinity hazard than the majority of catchments on the south coast of
Western Australia.
Management options to reduce the extent of salinity in the Upper Slab
Hut Catchment
To reverse the rising groundwater levels and increasing salinity, the present rates of
recharge in the Upper Slab Hut Catchment need to be reduced. This reduction can be
made by:
• Reducing recharge and increasing surface and subsurface runoff (using surface
drains);
• Increasing the area under perennial pastures;
• Introducing phase cropping;
• Increasing the amount of water used within the landscape, by revegetating
selected areas;
• Managing creek lines and water courses, swamps and salt-affected areas;
• Improving the productivity of existing crops and pastures that may increase their
water use;
• Regenerating existing native vegetation.
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The Salinity And Hydrology Of The Upper Slab Hut
Catchment
1.  Introduction and background
1.1.  The study area
The study area covers the Upper Slab Hut Catchment. The area of this catchment is
25,400 ha and is located approximately 120 km north-west of Albany (Figure 1).
Approximately 85% of the study area is located to the east of the Albany Highway.
Kojonup is the nearest town to the study area (20 km north-west; population 900; ABS,
1991). The western half of Upper Slab Hut is within the Kojonup Shire (population 2300)
and the eastern half in the Tambellup Shire (population 800). The catchment drains into
the Gordon River and eventually discharges to the Southern Ocean via the Gordon and
Frankland Rivers and through the Nornalup Inlet near Walpole.
There are 17 landholders in the Upper Slab Hut Catchment. This catchment was
selected as a Focus Catchment after a process of consultation with the community and
Agriculture WA. The Catchment Hydrology Group has been asked to study and
investigate the groundwater and land salinity of the catchment and develop options for
management and monitoring.
1.2.  The salinity problem
Rain and dust bring a small amount of airborne salt (cyclic salt; 20-50 kg/ha/year; Wood
and Wilsmore, 1928) to the catchment. In the agricultural areas, which receive less than
1000 mm per annum, much of the cyclic salt is stored in the soil profile. Clearing the
native vegetation for agriculture has reduced evapotranspiration, increased recharge
and resulted in rising groundwater levels, mobilising the stored salt. This salt-laden
groundwater then surfaces as valley floor and hillside springs and seeps, causing soil
salinity and contaminating previously potable water resources.
The Upper Slab Hut Group has 17 landholders who are experiencing increasing salinity
problems on the lower slopes and in creek lines. Levels of saline groundwater at these
sites are close to the soil surface and cause deterioration of roads, death of trees and
the reduction in productivity of some agricultural land. Estimates in 1996 indicated that
5% of the Upper Slab Hut Catchment was salt-affected (Section 8). The affected areas
are presently confined to the creek lines. The salt-affected area may eventually increase
in the future unless recharge in cleared areas is reduced. New salt-affected areas will be
mostly on the lower slopes and hillsides.
The Catchment Hydrology Group was asked to study the salinity status of the catchment
and suggest management options to control or minimize the increasing salinity.
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Figure 1: Location map of the Upper Slab Hut Catchment, showing Albany, Kojonup 
and Albany Highway
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1.3.  Objectives of this study
The objective of this study was to define the present salinity status of the Upper Slab
Hut Catchment and then develop appropriate management strategies to minimize the
salinity. To understand the hydrology of the catchment, it was necessary:
1. to investigate the geology of the area, for example, find out if there are any
geological features such as faults which may affect the hydrology of the area;
2. to document the present groundwater levels and salinities in the study area;
3. to find if the aquifer is regional or local (see Terminology for definitions), which may
affect the treatments needed;
4. to define recharge and discharge processes and predict areas of high recharge.
5. to identify areas that are in danger of becoming saline under current management
options;
6. to recommend management options that may reverse the present salinity trend in
the area;
7. to facilitate the future monitoring of groundwater levels and salinities and any effect
that the treatments may have.
2.  Climate
The study area has a typically Southern Australian climate with hot dry summers and
cool, wet winters. The mean maximum temperature in January, which is the hottest
month, is 30°C. There are occasional heat waves (mostly in February), during which the
maximum temperature exceeds 40 °C, or rarely, 45°C. The mean daily temperature in
July (the coldest month) is 9.8°C. During about 13 days each year the minimum
temperature drops below 2.0°C.
Average rainfall data (1970 to 1997) was obtained from the SILO Data Drill that is a web
site, belonging to the Queensland Department of Natural Resources. Data Drill provides
mathematically interpolated data from measured daily rainfall provided by the Bureau of
Meteorology from its network of reporting stations. The mean annual rainfall in the study
area is about 460 mm. Seventy five percent of this falls during the growing season
between May and October (Table 1). The annual rainfall in 20% of years (decile 2) is
less than 360 mm and in 20% of years (decile 8) exceeds 500 mm. Long-term rainfall is
slightly higher than the rainfall during recent years. The changes in monthly and annual
rainfall could be seen by comparing the long-term and recent (1970-1996) rainfall at
Kojonup (Table 1; 20Km North-west of the study area). The accumulative annual
residual rainfall (Figure 2) shows that the first half of the 20th Century was wetter than
average and the second half drier.
The mean annual evaporation (Class A pan) is 1610 mm (Luke et al. 1988). The mean
monthly evaporation from a Class A pan varies between 47 mm in June and 260 mm in
January (Figures 3 and 4). Mean monthly rainfall exceeds the pan evaporation during
June and July (Figure 3). In 20% of years (the two wettest years out of ten), monthly
rainfall exceeds the pan evaporation between mid-May and the end of August and
prolonged waterlogging occurs (Figure 4).
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Table 1: Monthly, annual and growing season (May to October) rainfall and evaporation
in the study area. Source: Rainfall from SILO Data Drill and evaporation from Luke et al.
1988.
Monthly
rainfall
(mm)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annu
al
May
-Oct
Study area
(1970-
1996)
14.1 17.4 13.3 26.5 64.0 63.8 73.1 59.2 48.8 38.1 30.1 11.7 460 347
Kojonup
(1970-
1996)
19.5 15.6 16.8 27 63.6 75.7 84.5 67 47.6 35 30.1 11 493.5 374
Kojonup
(1885-
1996)
13 15 22 32 68 90 89 74 53 42 23 15 538 417
Evaporat-
ion Study
area (mm)
260 210 180 107 67 45 47 55 85 115 170 250 1610 484
Figure 2: Accumulative residual rainfall, in Kojonup, was climbing during the first half of
the 20th Century and falling during the second half. Thus precipitation during past 50
years has been below the mean annual rainfall during recorded period.
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Figure 3: Mean monthly rainfall (Source: SILO Data Drill) and evaporation from a Class
A pan (Luke et al. 1988) for Upper Slab Hut.
Figure 4: In the two wettest years out of ten, monthly rainfall exceeds Class A pan
evaporation between mid-May and the end of August and prolonged waterlogging
occurs.
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3.  Methods and materials
3.1  Drilling methods
Bores were sited to define the attributes of aquifers (Section 7) in various landforms in
the study area and were in five clusters in various parts of the catchment (Figure 5).
Siting was done by interpreting aerial photographs (1 :25,000 scale, 1993). During May
and June 1997, a total of 25 deep holes (to basement rocks; between 2.5 and 36.0 m)
were drilled using the Catchment Hydrology Group’s Gemco HM12 Rotary Air Blast drill
rig. Three of these bores were across the catchment divide, in the neighbouring
catchment (Peter Valley; south of the study area). Soil samples were collected from
every metre depth interval drilled. All the holes were cased with 40 mm piezometers for
future monitoring. Drill logs and information on these holes (labeled USH 1/97 to USH
22/97) is presented in Appendix 1. These logs show groundwater levels and salinities,
salt storages and lithology.
3.2  Soil and water analyses
Standard techniques used by Agriculture WA laboratories were used to analyse soil and
water samples:
• Soil samples were oven dried at 70°C for more than 5 days then crushed and
sieved (<2 mm). Distilled water was added to the samples to make that a 1:5 soil
water suspension (by weight), for measuring their electrical conductivity (EC1:5).
The EC1:5 figures were multiplied by 0.0032 to estimate the percentage (by weight)
of the total soluble salt concentration (TSS) in the soil samples.
• Electrical conductivity (EC) of the water samples was measured as an indication of
salinity and expressed as milli Siemens per metre (mS/m).
3.3  Bore data collection and analyses
Bores were sampled and their water levels measured between 2 and 5 days after
drilling. All the bores have been surveyed and their relative height measured so that
hydrographs showing groundwater levels in relation to hill slopes can be drawn.
3.4  Recharge estimation
We have estimated the annual recharge within the study area using “AgET” which is a
simple Water Balance Calculator developed by the Natural Resource Management Unit,
Agriculture WA and the University of Melbourne (Argent and George, 1997). This model
uses average climate data and representative soil and plant information obtained within
the agricultural areas of Western Australia.
3.5  Extent of soil salinity
Evans et al. (1995) mapped the extent of salinity in 1990 and 1994, in the Upper Gordon
Catchment, which includes the study area. This was a joint project between CSIRO and
Agriculture WA. Areas coloured red and yellow are mapped to be salt-affected (Figure
15). Aerial photographs of selected areas were interpreted to show the hillside seeps
that were not mapped by the Land Monitor Project.
3.6  Land form patterns
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Landforrn pattern maps of the area produced by the Catchment Hydrology Group
(Ferdowsian, 1997; Figure 6) were used to differentiate between and describe the
attributes of various landforms of the catchment.
Figure 5: Location of bores in the Upper Slab Hut Catchment.
4.  Landform patterns of the study area
A landform pattern (LFP) is a topo-sequence (valley floor, hillside and ridge) described
by its relief, slope, landform elements and degradation problems associated with its use.
Landform patterns are differentiated by their attributes, which are assessed within a
circle of about 300 m radius (McDonald etal. 1984). There are eight LFPs in the study
area (Figure 6). The first four are found in the higher parts of the landscape and the next
four constitute the valleys. These LFPs are:
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4.1.  Landform patterns found in the higher parts of the landscape
Low hills
By far the largest LFP in the Upper Slab Hut Catchment is Low hills, which occupies
19,960 ha (78.6%) of the study area. This LFP includes the topo-sequence (narrow
crest, upper slope, mid-slope, lower slope and small depressions). The narrow crests
and small depressions have been included in this LFP, while the broad crests the creek
lines and rivers have been excluded and mapped as separate units (called Broad crests
and Valleys). The Low hills have between 30 m and 90 m relief (within the 300 m radius)
causing continuous and active erosion. The valleys associated with this LFP have well-
defined erosional stream channels. Very little if any aggradation may occur in the
depressions that form the headwaters of the creek system. Excessive waterlogging is
confined to the floors of the open depressions and lower slopes.
There is no permanent groundwater under the catchment divides (bore USH1/97). The
upper slopes have local aquifers that are separated by granitic highs. A good example is
areas between bores USH2/97 and USH3/97 where granitic highs come close to the soil
surface. In this area, groundwater was found only under small depressions (bore
USH2/97). The local aquifers continue under the mid-slopes and lower slopes.
Groundwater salinity under mid-slopes is low (<4500 mg) but may double further
downslope (Section 7). Saline groundwater surfaces through spring lines and hillside
seeps (e.g. near bore USH22/97) and enters the creeks, soon after seeping out, and
causes soil and stream salinity. The depth to the basement rock is generally less than all
other LFPs (< 15 m) and rock outcrops may be found on the ridges, crests, upper
slopes, slopes and even in stream beds. Soils are formed from in situ weathering of
basement rocks and are young (recent weathering) and fertile in comparison to the soils
in the sandplain and on the plateau. Other attributes of this LFP can be seen in Table 2.
Broad crests (BC) and Undulating rises (UR)
These two LFPs (355 and 790 ha correspondingly) occur near subcatchment divides.
Broad crests have between 5 m and 10 m relief while Undulating rises may have as
much as 30 m relief within a circle of about 300 m radius. Both of these two LFPs have
erosional slopes but their broad crests have barely active to inactive erosion. The URs
have aggraded open depressions that become gradually swampy on their downstream
parts. Waterlogging is limited to the floors of their open depressions and flat crests. Soil
salinity in UR and BC is rare but they contribute to salinity in lower LFPs. Almost all of
their areas are recharge zones and their waterlogged sandy depressions have
particularly high intake rates. Thus these LFPs have higher recharge than the other
LFPs. The underlying granitic rocks in Broad crests are deeply (> 15 m; e.g. bore
USH6/97) weathered but in the Undulating rises are similar to the Low hills. These two
LFPs have local aquifers that are separated by granitic highs. The soils in the
Undulating rises are formed from in situ weathering of basement rocks. These soils are
young and fertile along their slopes but are moderately leached along the crests. Broad
crests are probably the remnants of the ancient landscape that have not been eroded
consequently their soils are older and more leached than those in dissected parts of the
catchment are. Other attributes of these LFPs are presented in Table 2.
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Very gently undulating plains (VGUP)
Only 75 ha (0.2%) in the study area is occupied by this LFP (Figure 6). It has extremely
low relief (< 10 m) and as a result, waterlogging is very common and localised
inundation is possible. Drilling in other catchments has shown that salt storage and
potential salinity in this LFP are greater than those of the previous LFP5 (e.g.
Ferdowsian and Greenham, 1992). The aquifer is continuous and exists under the whole
area. Groundwater is very saline and potentiometric levels in the depressions are often
at or near ground level. Groundwater comes to the surface through root channels and
spreads over the soil surface and causes soil and stream salinity. The underlying
granitic rocks are deeply weathered and so rock outcrops are very rare. Soils are
developed on in situ weathered material as well as alluvial sediments. This LFP is found
near the outlet of the study area and may have been the ancient riverbed before the
watercourse cut into the area.
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Table 2: Attributes of LFPs in hilly terrains that have low to very high relief
LFPs
Landform
attributes
Low hills Broad crests Undulating rises Very gently
undulating
plains
Terrain incised into the
lateritic plateau
formed over
Precambrian
rocks
level to very
gentle LFP
standing above
the adjacent
areas
undulating
divides of incised
lateritic plateau
and their
aggraded
depressions
level to VG
undulating
plains on lower
slopes
Relief (m) 30 -90 5 - 15 10 - 30 <10
Modal terrain
slope*
GE - MO LE - VG GE - MO LE
Channel
development **
Erosional and
well-defined
absent absent to
incipient
absent
Channel
characteristic
spacing (m)***
pattern
500 - 1500
tributary
absent 700 - 1500
centrifugal,
tributary
not defined
tributary
Mode of
geomorphological
activities
Eroded and
occasionally
aggraded
eroded eroded and
aggraded
eroded and
aggraded
Status of
geomorphological
activities
continuously
active
continuously
active
continuously
active
continuously
active
Occurrence of
rock outcrops
on upper slopes
and channel beds
occasional on upper slopes non- occurring
Form of salinity
and saline
landform elements
stream beds,
spring lines, and
occasionally
footslopes
none occasionally open
depressions
depressions
* Modal terrain slopes are: LE = level (<1%); VO = very gently inclined (1%-3%);
GE = gently inclined (3%-i 0%); MO = moderately inclined (10%-32%) and; ST =
steep (>32%).
** Channel development refers to the existence of defined channelled flow in the major
depressions of a LFP. Channel developments are:
absent = no traces of channelled flow;
incipient = has started (traces of channelled flow are very shallow, narrow and
mostly discontinuous);
erosional = continuous linear channels occur (their width and depth are
considerable).
*** As measured from 1:50 000 sheets
Note: These abbreviations and symbols apply to the following table as well.
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4.2.  Land form patterns that occupy the valleys
Valleys occupy 4240 ha (16.7%) of land in the study area and consist of:
V-shaped incised valleys;
V-shaped gently inclined valleys;
Valleys with U-shaped channels;
Flood plains
The other attributes of the Valleys are presented in Table 3.
Broad crests 5 to 1 5m relief)
Deep U - shaped valleys
Flood plains
Low hills (30 to 90m relief)
Undulating rises (10 to 30m relief)
V - shaped gently inclined valleys
V - shaped incised valleys
Very gently undulating plains (less than l0m relief)
Figure 6: There are eight Landform Patterns within Upper Slab Hut Catchment.
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Table 3: Attributes of the valleys
Landform
attributes
V-shaped
incised valleys
(Vi)
V-shaped gently
inclined valleys
(V2)
U-shaped valleys
(V4)
Flood plains
(V6)
Terrain incised into the
lateritic plateau
formed over
Precambrian
rocks
set in swampy
floors of the
lateritic plateau
over Precambrian
rocks
cut into Tertiary
sediments, alluvial
flats, and flat river
beds
aggraded and
eroded floors of
the late ritic
plateau or alluvial
flats
Relief (m) > 30 10 - 30 <10 <5
Modal terrain
slope
GE - ST VG - MO LE - VG LE
Channel
development
erosional and
well-defined
erosional and
well-defined
erosional, well-
defined and
migrating
absent to incipient
(and migrating)
Channel or
depression pattem
tributary tributary non-tributary non-tributary to
uni-directional
Mode of
geomorphological
activities
eroded eroded and
aggraded
eroded and
aggraded
eroded and
aggraded
Status of
geomorphological
activities
continuously
active
continuously
active
continuously
active
frequently active
Occurrence of rock
outcrops
frequently on
slopes and
channel beds
occasional on
slopes and
channel beds
rarely on channel
beds
non-occurring
Form of salinity spring lines,
seeps on slopes
and creek lines
stream beds,
lower slopes,
footslopes
stream beds, and
the adjacent LFPs
all affected or
potentially
affected
Note: See footnotes to Table 2 for definitions of abbreviations.
5.  Physiography
The main factors that have affected the formation of landform patterns on the south
coast of Western Australia are the underlying geology, the weathering history and
erosive processes. Weathering history and erosive processes are themselves affected
by the climate of the area during past geological periods. The underlying geology and
geomorphology of an area could also be affected by the tectonic activities in the past.
Tectonic movements have uplifted a set of east-west drainage divides that are called
axes or hinge lines. Jutson (1914) suggested that the Darling Plateau was uplifted
during the Tertiary period (past 60 million years). To the south of this Plateau, there is a
gradual sloping transition from the Plateau to the continental shelf. The transition is
called the Ravensthorpe Ramp (Cope 1975).
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An east-west drainage divide separates the Darling Plateau from the Ravensthorpe
Ramp. This divide, which is about 120 km from the coastline, forms a hinge line named
the Jarrahwood Axis (Cope 1975). The Jarrahwood Axis forms the northwestern
boundary of the study area. The catchment divide between the Upper Slab Hut and both
Pindellup Catchment to the north-east and the Peter Valley Catchment to the south are
also along hinge lines.
The tectonic movement during or even before the Tertiary period has caused the
formation of fault lines and other geological features. The major faults may extend to
more than 300 km. Myers (1989) mapped some of these faults, one of which (unnamed)
passes through the western parts of the study area.
Tectonic activities may have been one of the major factors causing the formation of the
present LFPs in the Upper Slab Hut Catchment. Uplifting of the area during The Tertiary
has provided the necessary relief to cause rapid erosion. As a result the creek lines
have eroded rapidly and created the present dissected landscape in the study area.
Relicts of the ancient landscape can be seen in the form of isolated lateritic caps left on
some of the hilltops. The areas around these lateritic caps have been eroded resulting in
the present breakaways.
6.  Geology
The basement rocks are composed of medium and even-grained granites of Archaean
origin, intruded by dolerite dykes with mainly north-west south-east trends. Interpretation
of aerial photographs showed more dolerite dykes per unit area in the northern parts of
the study area than in the south.
The Upper Slab Hut Catchment is close to the Jarrahwood Axis and near the highest
parts of the Ravensthorpe Ramp. So it has acquired steeper slopes than other areas
along the south coast of WA. Virtually the whole study area is erosional. Most of the
landscape has young soils developed from the in situ weathering of basement rocks.
Remnants of the ancient landscape are found only in Broad Crests (Figure 6). The
weathering profiles, in the majority of areas, are shallow to moderately deep (<20 m)
and change from sand or loamy sand near the soil surface to sandy clay (or heavy
sandy clay), and then to moderately weathered basement rock with coarse grit
(saprolite) and then to basement rock. Bore USH 20/97 shows a typical drilling profile in
the study area.
The underlying granitic rocks in Broad Crests are deeply (> 15 m) weathered and
probably have the typical profile of the ancient plateau. The Broad Crests in the south-
east of the study area has a broad, almost flat, hill top that has not been dissected. The
reason for the lack of dissection in this area is the existence of a deep profile that has no
saprolite material over the basement rocks. In this area, we found that the regolith had a
high concentration of kaolinite (very heavy white clay) that continued down to the
basement rocks. The kaolinite is probably the product of hydrothermal processes (The
Penguin Dictionary of Geology, 1988 edition). Bore USH 5/97 shows a typical drilling
profile in this area.
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7.  Hydrology
Bores were sited using aerial photographs (1:25,000 scale, 1993). All bores were drilled
to basement rocks (Table 4). They were in five clusters in various parts of the catchment
(Figure 5) to obtain specific hydrological information about the main Iandform patterns in
the study area.
The first group of bores (USH1/97 to USH4/97 and PV7/97 to PV9/97) was across the
common boundary between the Peter Valley and Upper Slab Hut catchments. They
were sited to define the groundwater interaction and aquifer boundaries between the two
catchments and also to define the attributes of the aquifers near the catchment divides.
The second group of bores was sited in the central-east area of the catchment around a
broad crest that is probably a remnant of the ancient landscape. This group was drilled
to define groundwater levels and aquifers under the broad crests in the area.
The third group was south of the study area. They were sited across a shear zone and
were drilled to give information about the hydrology and role of these geological
features.
The fourth group was in the west of the catchment and these bores were drilled to define
the aquifer gradient along a typical hillside.
Bores in the fifth group were drilled in a grid formation along a typical hillside with active
hillside seeps. This group defined the flow lines and the effect of the saline seeps on the
flow direction.
7.1.  Types and attributes of aquifers in the Upper Slab Hut Catchment
Two of the 22 bores were on or near the subcatchment divides and had no groundwater.
The thickness of the aquifer was between 0.7 m and 26 m in bores with groundwater.
All areas in the Upper Slab Hut Catchment, with the exception of catchment divides,
have local aquifers that are separated by basement granitic highs. The boundaries of
the contributing areas to the local aquifers are the same as the physical boundaries of
the catchment and subcatchment. The local aquifers continue under the slopes of the
Low hills and under slopes of Valleys (Figure 7). Groundwater in these aquifers
discharges on the lower slopes and creek lines. The discharge sites are in the form of
hillside seeps (e.g. downstream of bore USH22/97), spring lines and seeps along the
creek lines.
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The nature of groundwater flow depends on the location in the landscape:
• There is presently no permanent aquifer under catchment divides (Figure 7 and 8).
However, there may be a thin aquifer under most areas of the Broad crests (Figure
9). These thin aquifers lie >10 m below the soil surface.
• In the upper slopes, the aquifers probably flow in basement fractures and
depressions. For example bore USH2197 is situated in a depression had 2.8 m of
water while there was no groundwater 50 m away, on either side of the bore.
Shallow basement rocks control and divide groundwater levels in these areas.
• Groundwater flow in the mid-slopes is mainly in basement fractures, basement
depressions as well as in the saprolite zone (just above basement rocks; e.g. bore
USH12/97 and USH16/97). The groundwater in these areas was between 3 and 8
m below the soil surface (Table 4), depending on the depth to basement rock.
• In the lower slopes, groundwater flows in basement fractures, the saprolite zone
and within in situ weathered profiles, where the regolith is deep enough (e.g. bore
USH13/97). Groundwater levels in these areas are close to the soil surface (<4 m).
There are some areas on the lower slopes where the groundwater was at or above
the soil surface and was discharging.
This study showed that aquifers in the Upper Slab Hut are local and almost everywhere,
groundwater flows parallel to the main slope. Thus the source of all aquifers is recharge
under their relevant hillside. It was concluded that soil salinity and rising groundwaters in
the Upper Slab Hut Catchment are on-site issues because the aquifers are local. Any
saline hillside seep is caused by management of the land above it. Therefore, farming
practices outside the boundary of a hillside will have little or no effect on its aquifer.
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Table 4: Depth to basement rock, groundwater levels and salinities and salt storages in
bores drilled in the study area.
Bore
number*
Position in the
landscape
Drilling depth
(m) to basement
rock
Depth to
groundwater
(m)
Groundwater
salinity
(mS/m)
USH 1/97 upper slope 2.50 Dry NA
USH 2/97 upper slope 7.80 4.99 570
USH 3/97 upper slope 10.00 4.87 616
USH 4/97 lower slope 4.00 2.42 722
USH 5/97 mid-slope 21.20 9.26 1355
USH 6/97 broad crest 17.20 16.50 1440
USH 7/97 broad crest 16.50 Dry NA
USH 8/97 mid-slope 18.50 7.59 900
USH 9/97 upper slope 28.50 14.36 987
USH 10/97 mid-slope 36.00 9.35 1235
USH 11/97 upper slope 9.50 6.45 1777
USH 12/97 mid-slope 7.00 3.45 1284
USH 13/97 valley floor 21 .20 3.80 1930
USH 14/97 mid-slope 25.00 7.26 2100
USH 15/97 mid-slope 12.00 1.50 2030
USH 16/97 mid to upper slope 12.00 7.50 410
USH 17/97 upper slope 30.00 12.21 1860
USH 18/97 upper slope 23.10 12.01 1775
USH 19/97 upper slope 10.20 6.21 662
USH 20/97 mid-slope 13.00 3.69 1160
USH 21/97 mid-slope 16.80 4.61 1015
USH 22/97 mid-slope 19.50 5.60 627
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Figure 7: A cross-section across the catchment divide between the Upper Slab Hut (left)
and the Peter Valley Catchment (right). This cross-section shows a discontinuation of
the aquifer under the catchment divide and the fact that there is no flow from one
catchment to another. The two lowest points, in this cross-section, represent the valley
floors.
Figure 8: A west-east cross-section of a Broad crest in the Upper Slab Hut Catchment
showing a discontinuation of the aquifer under the crest. The two lowest points, in this
cross-section, represent two mid-slopes.
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Figure 9: A north-south cross-section of a Broad crest in the Upper Slab Hut Catchment
showing that at present, very little or no groundwater exists under the top of the crest.
This may change if groundwater levels rise. The two lowest points, in this cross-section,
represent two mid-slopes.
7.2.  Recharge in the study area
Recharge, in unconfined aquifer such as aquifers in the Upper Slab Hut, is that
component of annual rainfall that bypasses the root zone of vegetation and joins the
groundwater.
Recharge is difficult to measure directly, but soil water balance methods can be used to
estimate it indirectly. The soil water balance can be written as:
P R0+ ETa + dS + dI+ U
where:
P is precipitation;
R0 is runoff and includes surface runoff as well as shallow subsurface seepage; ETa is
actual evaporation (including transpiration);
dS is change in water stored in the soil profile;
dl is change in water stored above the soil surface (inundation);
U is recharge to the groundwater.
When annual estimates of recharge are made, the dS and dl can be ignored and the
equation becomes:
U = P A0 - ETa
Annual recharge has been estimated within the study area using “AgET”, which is a
simple Water Balance Calculating program developed by the Natural Resource
Management Unit, Agriculture WA and the University of Melbourne (Argent and George,
1997). This model uses average climatic data and representative soil and plant
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information obtained within the agricultural areas of Western Australia.
Estimations of ETa are based on the Pan Evaporation Method (FAO, 1977). AgET IS not
designed to cope with excessive waterlogging and lateral flow.
AgET simulations indicated that there is regular, annual recharge in cleared agricultural
parts of the study area. There is some variation in the rate of recharge, depending on
the annual rainfall and vegetation cover (Table 5). For example, some parts of the study
area are bare sandy soils that support only volunteer pasture and so in these areas, up
to 26% (135 mm) of the annual rainfall may recharge the aquifer. In a year with mean
annual rainfall, recharge under annual pastures is approximately 80 mm and under
cereals between 35 and 60 mm.
Table 5: In the Upper Slab Hut area, we used AgET to show that recharge from some
cleared agricultural land may be as high as 130 mm per annum.
Annual rainfall Annual recharge (mm/year) under various land use options
Exceedence
probability
Rainfall
(mm)
Bare
soil
Volunteer
pasture
Clover
pasture
Cereals Lucerne Perennials Tagasaste Trees
Shallow gravelly duplex soil
75% 385 108 70 70 25 <5 <5 <5 <5
50% 445 115 85 85 60 <5 <5 <5 <5
25% 500 135 95 95 75 <5 10 10 <5
Shallow loamy duplex soil
75% 385 100 65 65 5 <5 <5 <5 <5
50% 445 110 80 80 35 <5 5 <5 <5
25% 500 125 90 90 60 <5 10 <5 <5
There may also be occasional recharge under lucerne and even under natural
vegetation, particularly where there is a deep sandy A horizon. This fact is confirmed by
the very low salt storages in the deep sandy profiles. Even before clearing, the study
area had occasional recharge that leached salt out of the profiles. As an example, bore
USH 7/97 (Appendix 1) which was 16.5 m deep, had coarse clayey sand between 4 m
and 16.5 m. This bore had very low salt storage (145 t/ha) indicating occasional
recharge and removal of salt from its regolith before clearing.
7.3.  Groundwater levels in the study area are rising
We have only short-term data, showing groundwater level trends in the Peter Valley
Catchment (south of the study area). The data is from the bores that have been
monitored by landholders in that catchment since April 1995. The number of readings
taken from April 1995 to November 1998 varies from 4 to 12 per bore. Most of the bores
are near discharge sites and their groundwater levels are close to the soil surface.
Groundwater levels in these bores fluctuate between seasons but do not have a rising
trend anymore. Groundwater levels in 12 bores in the Peter Valley Catchment were
more than 2 m below the soil surface in June 1995, but have risen by an average of 0.30
m per year since drilling.
THE SALINITY AND HYDROLOGY OF THE UPPERSLAB HUT CATCHMENT
28
We have included three hydrographs showing groundwater level rises. The first one
(Figure 10) is from the North Stirling Basin (40 km south-east of the study area; 390 mm
rainfall). The second one (Figure ii) is from the Peter Valley Catchment(13 km south of
the study area in similar rainfall zone to the study area). Bores on mid-slopes in the
Peter Valley have risen between 0.14 m and 0.37 m per year. The third hydrograph
(Figure 12) represents an area 13 km east of Ongerup (in the 375 mm rainfall zone).
This hydrograph is one of >100 bores in the Fitzgerald Biosphere (Martin, 1992). Almost
of all the bores on hillsides in the region, have a rising trend. The rate of their
groundwater level rise has been as high as 0.5 m per year. These three hydrographs
show that in all cases groundwater levels have been rising.
It is presumed that ground water levels under mid-slopes of the study area are also
rising. The expected rate of rise is between 0.20 m and 0.30 m per year. It is likely that
under the current management practices, more seepage zones will form in future and
soil salinity will increase.
Figure 10: Groundwater levels, in the North Stirling Basin have been rising since 1986.
There are two bores at this site; a deep bore (NS1 2d86) and an intermediate one
(NS12186). The average rate of rise in both bores has been 0.15 m per year.
Groundwater levels in the intermediate bore have always been higher than levels in the
deep one, indicating occurrence of regular recharge.
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Figure 11: Groundwater levels under hillsides in the Peter Valley Catchment have been
rising since 1995. The average rate of rise in this bore (PV2/95) was 0.30 m per year.
The straight line shows the overall trend.
Figure 12: Groundwater levels in this bore (Jeri2D/98) have been rising since 1989. The
average rate of rise in this bore has been 0.1 m per year. The straight line shows the
overall trend.
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8.  Salt storage and salt concentration
Many areas in the Upper Slab Hut Catchment have shallow basement rock. The
basement highs and their fractures in these areas control groundwater flow. The
historical flow of groundwater in fractures as well as in the saprolite zone has removed
much of the cyclic salt and only small salt storages exist in the study area (e.g. bores
USH1/97, USH2/97 and USH3/97).
Salt storage in 22 bores that were drilled to basement rock varied between 6 and 2,040
tlha (Table 6). Salt storage could be only related to regolith depth (Figure 13):
The relation between salt storage and depth could be explained by:
Salt storage = 44.03x Depth — 189.3 (R2 = 0.62; P< 0.001)
The bores with the lowest salt storages were shallow (Figure 13). The regolith at these
sites has prevented salt accumulating and resulted in low salt storage. The average salt
storage in the Upper Slab Hut (534 t/ha) was lower than in other catchments on the
south coast of WA. These lower than average salt storages are due to the shallow
regolith and very dissected landscape in the study area.
Figure 13: Salt storage increased as depth to basement rocks increased. The points
represent the actual salt storages and the line the line of best fit.
It is likely that a large amount of salt is stored under the isolated lateritic caps left on
some of the hilltops. There are similar cases in the wheatbelt of WA where soils with
high salt storages are exposed at the faces of breakaways around lateritic caps. Bore
USH 17/97 (just below a breakaway associated with one of the lateritic caps) had the
highest salt storage (2,040 t/ha). The lateritic caps are relicts of the ancient landscape
and their stored salt has not been removed due to poor leaching condition.
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Table 6: Drilling depth, groundwater level, and groundwater salinities, salt storage and
thickness of the aquifer (1997 measurements) in the study area.
Bore
number
Position in
the
landscape
Depth to
basement
rock (m)
Groundwater
salinity
(mS/m)
Salt
storage
(t/ha)
Thickness
of
aquifer (m)
USH 1/97 upper slope 2.5 Dry 6 0
USH 2197 upper slope 7.8 570 180 2.80
USH 3/97 upper slope 10.0 616 160 5.13
USH 4/97 lower slope 4.0 722 42 1.58
USH 5/97 mid-slope 21.2 1355 406 11.95
USH 6/97 broad crest 17.2 1440 513 0.70
USH 7/97 broad crest 16.5 Dry 145 0
USH 8/97 mid-slope 18.5 900 840 10.90
USH 9/97 upper slope 28.5 987 613 14.15
USH 10/97 mid-slope 36 .0 1235 1280 26.65
USH11/97 upperslope 9.5 1777 169 3.05
USH 12/97 mid-slope 7.0 1284 103 3.55
USH 13/97 valley floor 21.2 1930 1024 17.4
USH 14/97 mid-slope 25.0 2100 836 17.75
USH 15/97 mid-slope 12.0 2030 893 10.5
USH 16/97 mid to upper
slope
12.0 410 303 4.5
USH 17/97 upper slope 30.0 1860 2038 17.80
USH 18/97 upper slope 23.1 1775 719 11.09
USH 19/97 upper slope 10.2 662 185 4.00
USH2O/97 mid-slope 13.0 1160 298 9.31
USH 21/97 mid-slope 16.8 1015 599 12.20
USH 22/97 mid-slope 19.5 627 400 13.9
Average of
22 bores
not applicable 16.4 1150 534 9.0
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9.  Groundwater salinities
Groundwater salinities in bores varied between 400 mS/m and 2100 mS/m (Table 6; the
salinity of seawater is 6400 mS/m). Groundwater salinities in 6 bores out of 20 were less
than 730 mS/rn, which is classed as brackish water. Four of these bores had shallow
profiles (<12 m).
Few of the Iandform attributes such as depth to basement rock (m), relief (m in 600 m),
distance from ridge (m), distance from creeks (m) as well as combination of these
parameters were correlated with groundwater salinity to predict the likely areas with
lower groundwater salinities. Fifteen percent of the variance in groundwater salinity
increases could be explained by increasing regolith depth (P = 0.08; R2 = 0.15; Figure
14). There was not enough data to confidently (P <0.1) predict the effect of the other
landform attributes on salinity of groundwater. However, drilling in selected depressions
near watershed divides (e.g. USH2/97, USH3/97 and USH 15/97) showed that almost all
of these sites had brackish groundwater while groundwater in other parts of the
landscape was mostly saline. Based on these observations, the lowest groundwater
salinities may be associated with shallow profiles as well as depressions near narrow
ridges, where salt has been flushed from the regolith.
(R2=0.15;        P=0.08)
Figure 14: Deep profiles are likely to have higher groundwater salinities than the shallow
ones. The points represent the actual groundwater salinities and the line the line of best
fit.
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10.  Present and potential salinity of the study area
Salinity is probably one of the biggest land degradation hazards in the study area. In a
joint project with CSIRO (Evans et al., 1995), we used satellite images and digital
elevation model to map the historical changes in the extent of salinity in the Upper Slab
Hut Catchment (Figure 15). Areas coloured red and yellow are probably salt-affected.
This method maps only those hillside seeps that are very reflective and are strongly salt-
affected but fails to pick those that are slightly or moderately affected. We have also
interpreted the 1996 aerial photographs of some parts of the study area to map the
present extent of salinity (Figure 16). Comparison between the photographs and Figure
15 indicate salt-affected areas that were not mapped by the first method.
At present, the salt-affected land in the study area is mostly in the shape of narrow strips
confined to the creek lines. Future expansion of salt-affected areas will be in form of
hillside seeps and spring lines on the lower slopes and along creeks. These seeps
develop where structures and basement highs constrict groundwater and force it to
come to soil surface. Some of the potential saline areas are waterlogged patches on the
lower slopes that stay green longer than other areas.
At present approximately 5% of the study area is salt-affected. Under current
management practices, the extent of salinity may increase to between 10% and 15% of
the study area. Despite the potential for salinity to increase, the Upper Slab Hut has a
lower salinity hazard than the majority of the catchments on the south coast of Western
Australia. This lower than average salinity risk is due to the low recharge, shallow
regolith, low salt storage and very dissected landscape in the study area.
Brackish groundwater under many parts of the study area may present opportunities for
landholders, for example:
• Areas with brackish groundwater may be good areas for tree cropping;
• The brackish groundwater may be pumped and used for aquaculture;
• These areas are good for phase cropping;
• It may be possible to find brackish groundwater in the study area that would be
good for growing moderately salt-tolerant crops or trees.
The shallow profiles with abundant rock outcrops may have brackish groundwater but do
not have sufficient water to be pumped. These areas are very suitable for phase
cropping. The sites that have enough brackish groundwater for tree cropping or for
aquaculture are likely to be:
• Hillside depressions near narrow sub-catchment divides;
• Hillside depressions near main catchment divides in areas with a shallow regolith;
• Above dolerite dykes that are close to sub-catchment divides.
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Remnant vegetation
1989/1 990 salinity
1993/1994 salinity
Areas mapped as saline include areas with consistently poor productivity for at least two
successive seasons; including roadside verges, dams, waterlogging and gravel pits.
Figure 15:Extent of salinity in 1990 and 1994 as determined by the Land Monitor
Project.
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Approximate scale: 1:35,500
Figure 16: The extent of salinity (as indicated by brownish red colour) in some parts of
the study area based on interpretation of 1996 aerial photographs.
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11.  Management options in the Upper Slab Hut Catchment
Here we review a few hydrological attributes of the landscape in the Upper Slab Hut
Catchment, before recommending management options to reduce its potential salinity:
• Soil salinity and rising groundwater in the Upper Slab Hut are on-site issues
because the aquifers are local (Section 7.1). Any hillside seep is caused by the
way land immediately above it is managed.
• In a year with a mean annual rainfall, recharge under annual pastures is
approximately 80 mm and under cereals between 35 and 60 mm (Section 7.2). As
a result of recharge, groundwater levels under mid-slopes are rising. The
approximate rate of rise is between 0.20 m and 0.30 m per year (Section 7.3).
• At present, approximately 5% of the study area is salt-affected (Section 8). Under
current management practices, the extent of salinity may increase to between 10%
and 15%. Expansion of salinity will be mostly in the form of seepage zones along
the hillsides (where structures and basement highs constrict the groundwater) and
to a lesser extent, in creek lines.
• Existence of brackish groundwater under many parts of the study area presents
opportunities.
• The areas with shallow profiles and abundant rock outcrops may have brackish
groundwater but do not have sufficient water to be pumped (Section 9). These
areas are not good for tree cropping, but are very suitable for phase cropping.
• The sites most likely to have sufficient brackish groundwater for tree cropping or for
aquaculture (production bore sites) are hillside depressions near narrow sub-
catchment divides and areas above dolerite dykes, that are close to sub-catchment
divides.
To reverse the increasing groundwater levels and increasing salinity, the present rates
of recharge in the Upper Slab Hut Catchment need to be reduced. This reduction can be
made by:
• Reducing recharge and increasing surface and subsurface runoff (using surface
drains);
• Increasing the area under perennial pastures;
• Introducing phase cropping;
• Increasing water use by revegetating selected areas;
• Managing creek lines and water courses, swamps, lakes and salt-affected areas;
• Improving productivity of existing crops and pastures;
• Regenerating existing native vegetation.
The first five of these issues are discussed in the following sections.
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11.1. Reducing recharge and increasing surface and subsurface runoff using
drainage
Many farmers think that their land is waterlogged only when they can see free water on
the soil surface. Waterlogging occurs when free water is found within the top 0.30 m of
the soil profile. When water fills the soil profile and appears on the soil surface, it is
called inundation or surface ponding. Waterlogging may be slight, moderate or severe to
very severe. Waterlogging reduces crop and pasture yields but this is often unnoticed.
Waterlogging may only be noticed when it has affected crops or pastures badly.
In years with mean annual rainfall, rainfall exceeds the sum of plant water use,
evaporation and runoff, during June and July and so waterlogging occurs in most areas
of the Upper Slab Hut. In 20% of years (the two wettest years out of ten), waterlogging
may exist between mid-May and the end of August. Most of the excess water stays in
the root zone of crops and pastures causing waterlogging. Waterlogging happens even
in a year with lower than average rainfall (<460 mm) but it is only limited to a few weeks
in June and July. In wet years, up to 60% of the study area becomes moderately to very
severely waterlogged. Some areas may even become inundated for more than one or
two weeks. Surface drains help to reduce the incidence of waterlogging and inundation
and so improve cropping capability.
The effect of graded interceptor drains on waterlogging and crop yield was studied in a
catchment 3 km north-east of Narrogin (Cox, 1988). The annual and growing season
rainfalls in this area, during the study period (three years), are comparable with annual
rainfalls in the study area.
Cox’s findings on waterlogging and the effect of drains will be applicable to the Upper
Slab Hut Catchment. Cox concluded that:
• Even low seasonal rainfall was sufficient to cause localised waterlogging in areas
with a shallow topsoil.
• Drains in pasture generated more runoff than those in crops. This indicated that
crops might be using more water than the pasture.
• The drains became increasingly effective as rainfall increased.
• Recut drains (after 4 years) produced more runoff than drains that had not been
maintained.
• The drains removed between 4 and 8 mm of the growing season’s rainfall (drain
spacing was 102 m).
• There was less waterlogging up to 50 m downslope and 7 m upslope of the drains
in wet years, provided drain channels were cut into the clay.
• There was a positive return on the investment in drains, even when the future
benefits was discounted and inflation was taken into account. The greatest benefits
occurred when the area was frequently cropped and the probability of waterlogging
was high.
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• The income generated by the improved yields over 20 years at the Narrogin site far
outweighed the costs of drain installation, maintenance and loss of productive land.
• The optimum drain spacing, based on maximum net present value over 20 years,
was 40, 60, 80, and 100 m for areas with 90, 70, 50, and 30% waterlogging
probability (for a crop-crop-pasture rotation).
Based on Cox’s study, it is expected that in the Upper Slab Hut Catchment, drains
remove between 10 mm (in a very dry year) and 25 mm (in a year with decile 8 rainfall)
of the annual rainfall. Removing this water will reduce waterlogging and improve plant
growth and water use. The net effect is a reduction in recharge and this reduction is
greater than the amount of excess runoff the drains remove. The fresh water may be
harvested, stored in dams for use on-farm or dumped in creeks if not needed.
We only recommend well-designed, open surface drains which collect fresh, perched
water and are built by graders or occasionally by a scraper. Deep drains should be
avoided because of their high capital costs, their environmental hazards and little effect
on the extent of salinity. Reforming, dredging or deepening the natural water courses is
not recommended because high longitudinal slopes along creek beds (Section 4) will
cause gully erosion.
11.2.  Reducing recharge by growing perennial pastures
Various workers (Nulsen and Baxter 1982; Carbon et al. 1982; Nulsen 1984; and Joffre
et al. 1988) found that perennial pastures used more water than annual pastures. The
perennials’ ability to use more water could be attributed to their deeper root zone
(Ferdowsian and Greenham, 1992), denser root system and their ability to intercept and
use the summer rainfall provided they were not dormant. However, some perennial
pastures such as perennial ryegrass (Lolium perenne) and cocksfoot (Dactylis
glomerata) may not use more water than the annual pastures because they have a
shallow root system. The extra water that a mixture of annual and perennial pastures
uses is equal to the available water in the additional depth of soil that their roots occupy
plus out of season rainfall (summer active perennials). The available water in the
additional depth of the root zone may be as much as 50 mm for deep-rooted perennials
(e.g. kikuyu).
Smith et al. (1998) studied various perennial pastures in four high water use agricultural
systems, in the south-west of Western Australia during 1993 and 1995.
The mean annual rainfall at their selected sites was between 465 (Kojonup site) and 620
mm (Dinninup site). Their findings at the Kojonup site could be applicable to the Upper
Slab Hut Catchment:
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Productivity of perennial pastures
During dry years (1994 and 1995), with no summer rainfall, the only pastures with
significant quantities of summer and autumn feed (i.e. growth rates consistently greater
than 10 kg/day/ha) were:
• tall wheatgrass planted in valley floors over a shallow, saline (1000 mS/m)
watertable and;
• lucerne planted over a fresh to saline (100 to 1000 mS/m) watertable within 1.5 to
4 m depth.
The out-of-season productivity of other perennials depended on summer and autumn
rainfall. When summer rainfall occurred (March 1993), pastures based on Rhodes grass
and phalaris were highly productive (growth rates of 50-80 kg/ha/day)
Profitably of perennial pastures
Smith et al. also showed that lucerne in Kojonup and a mixed stand of tall wheatgrass
with phalaris and puccinellia at Williams, Kojonup and Frankland produced pastures of
sufficient quantity and quality to be profitable. The positive environmental effects of
these treatments, was an added benefit.
We recommend that a mixture of annual and perennial pastures be grown to reduce
recharge in the study area. Table 7 shows the recommended perennial pastures for
different Land Management Units (LMUs) of the study area.
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Table 7: The recommended perennial pastures for different Land Management Units
(soils) in the study area. Numbers (between 1 and 5) are in order of decreasing
preference (from Ferdowsian and Ryder, 1997).
Land Management
Units
Recommended perennials
Deep well-drained white
sand (>0.50 m)
Tagasaste (1) Perennial veldt grass (2)
Deep well-drained yellow
or brown sand (>0.50 m)
Tagasaste (1)
Perennial veldt grass (2)
Lucerne (1)
0.50 to 0.60 m gravelly
sand over clay
Tagasaste (2)
Cocksfoot (2)
Lucerne (2)
Perennial veldt grass (3)
0.30 to 0.50 m gravelly
sand over clay
Lucerne (1)
Tagasaste (2)
Cocksfoot (2)
Perennial veldt grass (3)
Lucerne (1) Cocksfoot (2)Well-drained loamy sand
or clay close to the soil
surface
Phalaris (2) Tall fescue (3) Rhodes grass (2)
Deep waterlogged sand
(>0.50m)
Tall wheatgrass (1)
Kikuyu (1)
TaIl fescue (1)
Phalaris (2)
Strawberry clover (1) TaIl wheatgrass (1)
Waterlogged loamy soil
Kikuyu (1) Tall fescue (2) Phalaris (2)
Waterlogged clayey soil
Strawberry clover (1)
Tall fescue (2)
TaIl wheatgrass (1)
Phalaris (2)
Slightly to moderately
salt-affected soil
Strawberry clover (1)
Tall fescue (2)
Tall wheatgrass (1)
Phalaris (2)
Moderately to strongly
salt-affected soil
Puccinellia (1)
Tall wheatgrass (3)
Salt bush (1)
Active discharge sites
Saltwater couch (1)
Tall wheatgrass (3)
Puccinellia (2)
Note: For more information on perennial pastures refer to Bulletin 4253; “Perennial
pastures for areas receiving less than 800 mm annual rainfall” (1994), by R.A.
Sudmeyer, C. Saunders, I. Maling and T. Clark. WA Department of Agriculture.
11.3.  Reducing recharge by phase cropping
In areas that have a low annual rainfall (<500 mm) and low rates of recharge, farmers
have managed to reduce the extent of soil salinity by phase cropping (Ferdowsian and
Ryder, 1997). Phase cropping is a rotation in which a few years of cropping (cereals or
pulses) are followed by a few years of pasture (lucerne or any other perennial mixed
with annual pasture) that in turn are followed by cropping. The cropping phase may be
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between two and three years in areas that receive 400 to 500 mm of rain per annum,
and four years in areas that have very low rainfall (<400 mm). The economic life of
lucerne is considered to be between four and six years, but this may be reduced if the
land is required for cropping. During the cropping phase, recharge will build up the
moisture in the soil profile. This storage can be used later by lucerne.
Most of the success stories are related to growing a mixture of lucerne with other
perennial pastures such as phalaris, tall wheatgrass and annuals. There are many
success stories where lucerne has lowered groundwater levels. The following case
shows the effect of lucerne on groundwater levels in Dissected areas, near the
Catchment Divide and in Plains with Swampy Floors. The results are applicable to
almost all areas of the Upper Slab Hut Catchment.
Lucerne was sown in July 1992 into a 70 ha paddock on a property near Jacup (30 km
east of Jerramungup, 370 mm annual rainfall). The site which is in Fitzgerald Biosphere,
had been cleared in 1964. Lucerne continued to persist until 1997 when the area was
cropped. Lucerne grows together with volunteer pastures, annual clover and grasses.
Grazing has been continuous over winter and rotational over summer (1 week on and 5
weeks off).
Salinity first appeared in 1981 and had expanded to 3 ha by 1992. The salt-affected
area has stabilised since 1992 or has reduced slightly (Geoff Bee; the landholder,
personal communication). Two bores were drilled in this area in 1989. The first bore is in
the upper slope and the second one is in mid-slope. Groundwater levels in both bores
have dropped since lucerne was planted and the salt-affected areas have shrunk. Figure
17 shows groundwater level trends in one of those bores as well as the annual rainfall
(Jerramungup rainfall).
Agriculture WA monitors groundwater levels in >120 bores in Fitzgerald Biosphere. The
annual rainfall in the region varies between 350 mm in the north-east to 500 mm in the
south-west. Groundwater levels in twenty-eight of the monitored bores were at similar
depth (<1.5 m below ground level) to the one under lucerne and had similar fluctuations
to that. These twenty-eight bores are either under continuos cropping or under
crop/annual pasture rotation. The average hydrograph of these bores is also presented
in Figure 17 together with the hydrograph under crop/lucerne rotation and annual
rainfall.
Figure 17 indicates that:
• Annual rainfall was lower than normal in 1994, 1995 and 1996.
• Between 1990 and 1998, groundwater levels under traditional management
(continuos cropping and crop/annual pastures rotation) fluctuated between 0.6 and
1.3 m below soil surface (mean of 28 bores). There was slight reduction (0.7 m) in
groundwater levels in bores with shallow groundwater levels. This reduction was
probably in response to two dry years (1994 and 1996; Figure 17).
• Between 1990 and 1993, groundwater levels under lucerne had similar fluctuations
as the bores with shallow groundwater and were within 1 m of the soil surface
(Figure 17). Lucerne was planted in this area in 1992. Later, groundwater levels
under this area dropped to 3.0 m below the original levels. This drop was 2.2 m
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more than the groundwater level drop under traditional management.
• Rainfall in 1997 and 1998 was slightly above average (Figure 17). Groundwater
levels in the 28 bores with shallow groundwater have risen to pre-low rainfall period
levels. During these two years groundwater levels under lucerne were stable. By
the middle of 1998, groundwater levels under traditional farming were 2.8 m higher
than that under lucerne.
• The lucerne site was cropped in 1998. So far slight groundwater level rises (0.35
m) have been observed there.
In conclusion, between 1990 and 1993, groundwater levels under lucerne had similar
fluctuations as the bores with shallow groundwater and were within 1 m of the soil
surface. The differences in groundwater levels, that occurred later, can therefore be
attributed to the changes in management practices. The only change was growing a
deep-rooted perennial that managed to reduce the rate of recharge and lower
groundwater levels. Consequently the extent of soil salinity was reduced in the area.
Figure 17: In undulating areas, lucerne has lowered groundwater levels more than
annual pastures and crops during the last five years (two of which were low rainfall
years).
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11.4.  Revegetating selected areas and limitations caused by the salinity of
groundwater.
Tree and shrub planting is one of the necessary treatments for the Upper Slab Hut
Catchment. There are three reasons for revegetating selected areas:
• reduces recharge;
• uses some of the groundwater before it reaches the discharge sites;
• creates shelter belts and prevents wind erosion on cropping areas.
Trees use water and reduce the overall recharge in an area and consequently the
volume of water that the aquifer has to handle. Any reduction in recharge will also
reduce the extent of soil salinity. Trees will only use the fresh water that is stored within
the soil profile and to a lesser extent, any relatively fresh water that may be at the top of
the aquifer or under certain areas in the catchment (Section 7). When planting trees to
reduce salinity, the following points should be considered:
Related to the attributes of the aquifers
• All aquifers in the Upper Slab Hut Catchment are local aquifers that are separated
by basement granitic highs. The local aquifers continue under the slopes of the
Low hills and under the slopes of Valleys. The cause of any hillside seep is the
recharge in the areas above it. Therefore, planting trees on every hillside will have
an effect on the extent of salinity on that hillside.
• There is no permanent aquifer under catchment divides and therefore, planting
trees on these areas is inappropriate because the trees would have to rely on in
situ rainfall alone.
• On the upper slopes to mid-slopes, the aquifers flow in basement fractures and
depressions. The level of groundwater in these areas is controlled by depth to the
basement rocks. Therefore the depressions in upper- to mid-slope are more
suitable for planting trees than the areas in between.
• Baked margins of dolerite dykes usually carry groundwater. These margins, in the
mid-slopes are likely to have sufficient brackish groundwater for tree cropping.
Therefore areas above dolerite dykes may be suitable for planting trees.
• In mid- to lower-slopes, groundwater flows mainly in basement fractures as well as
in the saprolite zone (just above basement rocks). Groundwater levels in these
areas are between 3 and 8 m below the soil surface depending on the depth to
basement rocks. Strips of trees may be planted along the contours in these areas.
• The areas with shallow profiles and abundant rock outcrops, in mid- to lower
slopes may have brackish groundwater but do not have sufficient water for tree
cropping (Section 9). These areas are better used for growing lucerne.
• On the lower slopes, groundwater flows in basement fractures, in the saprolite
zone and within in situ weathered profiles. There are areas within the lower slopes
where groundwater is at or above the soil surface and is discharging. Only salt
tolerant and waterlogging tolerant trees may be planted in these areas.
Revegetation of lower slopes that have high salinity risk is usually the preferred
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option by most farmers. However, Smith et al. (1998) and George et a! (1999)
concluded that revegetation of these areas alone would not stop the further
development of salinity. They recommended increased water use in mid-slope and
upper slope parts of the catchment remains necessary for groundwater control.
Related to the performance of trees in relation to the shape of plantation
• Salinity in a catchment cannot be controlled if large blocks of natural or planted
vegetation are in one part of the catchment and nothing is in the rest.
• If trees are required for using excess water they must be scattered as widely as
possible throughout the area.
• Strip plantations (shelter belts) are the best option because isolated trees are
difficult to protect. If the strip plantations are to be self-supporting and self-pruning
(for timber production), they have to be at least six rows wide.
• The tree spacing in strip plantations should be as close as possible to encourage
deep root penetration and good forms (shape).
• Trees in a well-designed strip plantation may occupy approximately 20% of the
landscape.
11.5.  Managing creek lines, water courses and salt-affected areas
Creek lines, water courses, salt-affected areas and their fringes should be fenced off
and revegetated. Before fencing, a Geonics EM38 should be used to mark the areas
that are in immediate danger of salinity (ie readings of ECa >60 mS/m). Trees for salt-
affected areas may have a small commercial or grazing value. Their main benefit is in
reclaiming land and helping reduce the extent of salinity in the other parts of a
catchment.
Many hillside seeps in the study area develop on the lower slopes or along spring lines
on the lower slopes of the V-shaped valleys. The groundwater seeping out of these
discharge sites will flow over the soil surface and contaminate the area downslope. It is,
therefore, a good practice, when fencing the creek lines, to include the existing seeps on
the lower slopes and along the spring lines.
Planting trees and shrubs on, or near, salt-affected areas may only have a limited effect
if other measures to control salinity are not in place (Smith et al., 1998 and George et
a11999). The long-term sustainability of trees around a hillside seep depends on the
salinity of the groundwater and hydrology of the local site:
• In some areas that have brackish groundwater, trees may use some of the
groundwater and reduce the volume of groundwater flow. This reduction may help
the aquifer cope with the reduced flow rate. The reduced flow and occasional on-
site recharge may flush salt out of the root zone of the trees and create a healthy
environment for them to survive.
• In other areas where groundwater is saline, salt may accumulate in the root zone
of the trees and eventually kill them.
Trees alone cannot reverse the increasing salinity trend in the Upper Slab Hut
Catchment because of two factors:
THE SALINITY AND HYDROLOGY OF THE UPPERSLAB HUT CATCHMENT
45
• The groundwater salinity in some areas is too high and so trees may use only a
limited amount of the groundwater.
• Plantations cannot intercept all of the flow lines and some of the groundwater flow
may bypass the plantations. This is due to the nature of the aquifers in the study
area.
Thus we recommend trees as part of the solution but not the only one. It is
recommended that a combination of management options be considered.
11.6.  Pumping groundwater for aquaculture and for reducing groundwater levels
The regolith in most of the hillside has coarse sand (saprolite) above basement rocks
(Section 6 and Appendix 1). Most of the depressions in the mid- to lower slopes have
sufficient groundwater for limited pumping. The groundwater salinities are not too high
and in many areas, brackish groundwater may be found (Section 7). These conditions
present opportunities for aquaculture in the study area.
The feasibility of growing inland fish and environmental consequences of it should be
investigated and if acceptable, aquaculture can be used to draw down the groundwater
levels and improve salinity in the study area. Pumping groundwater will reduce the
salinity hazard on the slopes below the pumping station but will have little or no effect on
the extent of soil salinity in other areas.
12.  Future monitoring
It is essential to monitor the salinity situation in the Upper Slab Hut Catchment. In order
to determine trends and for landholders to know if a landuse treatment is working, the
following monitoring is necessary:
• Groundwater levels should be measured at least 4 times a year (January, April,
July and October). This will help show seasonal variations as well as long-term
trends.
• Groundwater salinities should be measured annually or once every second year,
preferably in April. Samples should be collected after flushing the holes.
The data, which are collected, can be sent to Landcare Coordinators. They maintain a
database (ComBores) which is able to store and graph the data. The ComBore data is
eventually send to Agriculture WA in Albany for inclusion in their data set (AgBore) for
interpretation and feed back to farmers as well as for regional assessment.
THE SALINITY AND HYDROLOGY OF THE UPPERSLAB HUT CATCHMENT
46
13.  References
ABS (1991). “1991 Census”. Australian Bureau of Statistics.
Argent, R.M. and George, R.J. (1997). ‘AgET’ -A water balance calculator for dryland
salinity management -MODSIM ‘97, International Congress on Modelling and Simulation,
Hobart 8-1 1 December, pp 5.
Carbon, B.A., Roberts, F.J., Farrington, P. and Beresford, J.D. (1982). Deep drainage
and water use of forest and pasture grown on deep sands in a Mediterranean climate. J.
Hydrol. 55: 53-64.
Cope, D.A. (1975). Tertiary epeirogeny in the southern part of Western Australia.
Geological Survey of Western Australia. Annual Report 1974.
Cox, J.W. (1988). Seepage graded interceptor drainage of duplex soils in southwestern
Australia. Ph.D. thesis, The University of Western Australia, Geology Dept.
Evans, F. H., Caccetta, P. A., Ferdowsian, R., Kiiveri, H. T., Campbell, N. A. (1995),
“Predicting Salinity”, Report to LWWRDC, June 1995.
FAO (1977). (Revised) Crop water requirements. Irrigation and Drainage Paper 29.
FAQ, Rome.
Ferdowsian, R. (1997). “Landform Pattern map of the Western Forest Area” Agriculture
WA Albany.
Ferdowsian, R. and Greenham, K.J. (1992). “Integrated Catchment Management Upper
Denmark Catchment” Tech. Report No. 130. Div. Resourc. Manag. West. Aust. Dept.
Agric.
Ferdowsian, A. and Ryder, A.T. (1997). “Salinity and Hydrology of the Mills Lake
Catchment” Resource Management Technical Report No. 166. Agriculture, West. Aust.
George, A. J., Nulsen, R. A., Ferdowsian, R., and Raper, P., (1999). “Interactions
between trees and groundwaters in recharge and discharge areas -A survey of Western
Australian sites”. Agric. Water Manage, 39: 91-113.
Joffre, R., Vacher, J., de los Lianos, C. and Long, 0. (1988). The dehesa: an
agrosilvopastoral system of the Mediterranean region with special reference to the
Sierra Morena area of Spain. Agroforestiy Systems 6: 71-96.
Jutson, J.T. (1914). An outline of the physiographical geology of Western Australia.
Geological Survey of Western Australia. Bull. 61, p240.
Luke, G.J., Burke, K.L. and O’Brien, T.M. (1988). “Evaporation data for Western
Australia. “Resource Management Technical Report No. 65. Agriculture, West. Aust.
Martin, 5. (1992). “Groundwater Investigations in the Jerramungup Shire” Tech. Report
No. 122. Div. Resource Management West. Aust. Dept. Agric.
McDonald, R.C., lsbell, R.F., Speight, J.G., Walker, J. and Hopkins, M.S. (1984).
“Australian Soil and Land Survey Field Handbook”. (Inkata Press, Melbourne).
Myers, J.S. (1989). 1:1 000,000 Geological Series. Geological Survey of Western
THE SALINITY AND HYDROLOGY OF THE UPPERSLAB HUT CATCHMENT
47
Australia.
Nulsen, R.A. (1984). Evapotranspiration of four major agricultural plant communities in
the south-west of Western Australia measured with large ventilated chambers. Agric.
Water Manage. 8: 191-202.
Nulsen, R.A. and Baxter, I.N. (1983). The potential of agronomic manipulation for
controlling salinity in Western Australia. J. Aust. Inst. Agric. Sd. 48: 222-226.
Smith, A.D., George, R.J., Scott, P.R., Bennett, D.L., Rippon, R.J. and Orr, G.J. (1998).
“Results of Investigation Into the Groundwater Response and Productivity of High Water
Use Agricultural Systems 1990-1997” Resource Management Technical Report No. 174.
Agriculture, West. Aust.
Wood, W.E. and Wilsmore, N.T.M. (1928). Salinity of rain in Western Australia. Final
Report to Royal Society of Western Australia and the Salinity in Soil Committee. J. Royal
Soc. of West. Aust. 15: XXii-XXX.
THE SALINITY AND HYDROLOGY OF THE UPPERSLAB HUT CATCHMENT
48
Appendix 1:
The following pages show the drill logs of 22 bores that were drilled in the study area in
May 1997. The location of the nine bores is marked on Figure 5. The drill logs contain
the following information:
• Eastings and northings (Australian Map Grid) of sites;
• Salt concentrations in the profile (kg/rn3), which range from <1 to 22;
• Total salt stored (t/ha) in the drilled profile, which ranges from 6 to 2040;
• Groundwater salinity (mS/m), which ranges from 410 to 1930.
• Water level below the ground (m), which ranges from -1.5 to -14.4;
• Which landform pattern it is drilled in;
• Interpreted geology;
• A full description of the soil profile (lithology).
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Drilling Log Upper Slab Hut 1997
USH1/97
Easting:  542253 Northing: 6226767 Date drilled: 22/5/97
Slotted depth (m): not cased Salt Storage (TSS t/ha): 6
Groundwater salinity (mS/m): dry
Water level below ground (m): dry
Landform Pattern: Low hills (30 to 90 m relief)
Interpreted Geology: 0-2.5 m in situ weathered medium-grained granitic material.
Drilling Log Salt Storage Profile
0-1 m gravelly (30%) sandy loam
1-2 m coarse sandy clay loam
2-2.5 m weathered bedrock
2.5m basement rock
heavy sandy clay, sandy clay
coarse sandy clay
fine sand, loamy sand, loamy clay
sand
silt, silty clay loam, sandy clay
laom
silty clay
water table (deep bore)
bedrock
coarse sand
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Drilling Log Upper Slab Hut 1997
USH2/97
Easting: 542280 Northing: 6226772 Date drilled: 22/5/97
Slotted depth (m): -5.8 to –7.8 Salt Storage (TSS t/ha): 180
Groundwater salinity (mS/m): 570
Water level below ground (m): -4.99
Landform Pattern: Low hills (30 to 90m relief)
Interpreted Geology: 0-7.8m in situ weathered medium-grained granitic material.
Drilling Log Salt Storage Profile
0-1m sandy clay 5YR 6/6 (reddish yellow),
mottles 5YR 6/1 (grey)
1-2m sandy clay 7.5YR 6/6 (reddish yellow)
2-3m sandy clay 5YR 7/4 (pink)
3-4m sandy clay 5YR 6/8 (reddish yellow)
4-5m sandy clay 2.5YR 4/8 (red)
5-6m sandy clay loam 2.5YR 5/4 (reddish
brown)
6-7m clay sand 5YR 6/3 (light reddish brown)
7-7.8m coarse sand 10YR 7/2 (light grey),
weathered bedrock
7.8m basement rock
heavy sandy clay, sandy clay
coarse sandy clay
fine sand, loamy sand, loamy clay
sand
silt, silty clay loam, sandy clay
laom
silty clay
water table (deep bore)
bedrock
coarse sand
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Drilling Log Upper Slab Hut 1997
USH3/97
Easting:  542280 Northing: 6226825 Date drilled: 22/5/97
Slotted depth (m): -8 to -10 Salt Storage (TSS t/ha): 160
Groundwater salinity (mS/m): 616
Water level below ground (m): 4.87
Landform Pattern: Low hills (30 to 90 m relief)
Interpreted Geology: 0-10 m in situ weathered medium-grained granitic material.
Drilling Log Salt Storage Profile
0-1m sandy clay 5YR 7/2 (pinkish grey)
1-2 m sandy clay 5YR 6/6 (reddish yellow)
2-5 m sandy clay loani 1OYR 6/8 (brownish
yellow)
5-10 m clay sand 1OYR 6/3 (pale brown)
10 m basement rock
heavy sandy clay, sandy clay
coarse sandy clay
fine sand, loamy sand, loamy clay
sand
silt, silty clay loam, sandy clay
laom
silty clay
water table (deep bore)
bedrock
coarse sand
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Drilling Log Upper Slab Hut 1997
USH4/97
Easting:  541531 Northing: 6227364 Date drilled: 23/5/97
Slotted depth (m): -2 to -4 Salt Storage (TSS t/ha): 42
Groundwater salinity (mS/m): 722
Water level below ground (m): 2.42
Landform Pattern: (30 to 90 m relief)
Interpreted Geology: 0-4 m in situ weathered dolerite.
Drilling Log Salt Storage Profile
0-1m sandy clay
1-2m sandy clay
2-3m coarse sandy clay
3-4m coarse sandy clay with rock
fragments
4m basement rock
heavy sandy clay, sandy clay
coarse sandy clay
fine sand, loamy sand, loamy clay
sand
silt, silty clay loam, sandy clay
laom
silty clay
water table (deep bore)
bedrock
coarse sand
THE SALINITY AND HYDROLOGY OF THE UPPERSLAB HUT CATCHMENT
53
Drilling Log Upper Slab Hut 1997
USH5/97
Easting: 540074 Northing: 6230700 23/5/97
Slotted depth (m): -19.2 to 21.2 Salt Storage (TSS t/ha): 406
Groundwater salinity (mS/m): 1355
Water level below ground (m): -9.26
Landform Pattern: Low hills (30 to 90m relief)
Interpreted Geology: 0-21.2m in situ weathered medium-grained granitic material
Drilling Log Salt Storage Profile
0-1m laterite
1-2m gravelly (40%) clay sand 7.5YR 6/8
(reddish yellow)
2-5m gravelly (15%) clay sand 7.5YR 8/4
(pink)
5-8m sandy light clay 5YR 6/3
8-11m sandy clay 7.5YR 8/2 (pinkish white)
11-21.2m sandy heavy clay 10YR 8/1 (white)
21.2m basement rock
heavy sandy clay, sandy clay
coarse sandy clay
fine sand, loamy sand, loamy clay
sand
silt, silty clay loam, sandy clay
laom
silty clay
water table (deep bore)
bedrock
coarse sand
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Drilling Log Upper Slab Hut 1997
USH6/97
Easting: 540669 Northing: 6230861 Date drilled: 23/5/97
Slotted depth (m): -15.2 to –17.2 Salt Storage (TSS t/ha): 513
Groundwater salinity (mS/m): 1440
Water level below ground (m): -16
Landform Pattern: Broad crests (5-15m relief)
Interpreted Geology: 0-17.2m in situ weathered medium-grained granitic material.
Drilling Log Salt Storage Profile
0-1m gravelly (70%) sandy loam 10YR 6/6
(browinsh yellow)
1-2m gravelly (20%) sandy clay loam 10YR
6/6
2-4m sandy clay 5YR 8/4 (pink)
4-8m sandy clay 5YR 8/3 (pink)
8-12m sandy clay 5YR 8/1 (white)
12-17.2m sandy clay 7.5YR 6/6 (reddish
yellow)
17.2m basement rock
heavy sandy clay, sandy clay
coarse sandy clay
fine sand, loamy sand, loamy clay
sand
silt, silty clay loam, sandy clay
laom
silty clay
water table (deep bore)
bedrock
coarse sand
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Drilling Log Upper Slab Hut 1997
USH7/97
Easting:  541156 Northing: 6231031 Date drilled: 26/5/97
Slotted depth (m): -14.5 to -16.5 Salt Storage (TSS t/ha): 145
Groundwater salinity (mS/m): dry
Water level below ground (m): dry
Landform Pattern: Broad crests (5-15 m relief)
Interpreted Geology: 0-16.5 m in situ weathered medium-grained granitic material.
Drilling Log Salt Storage Profile
0-1m sand 1OYR 7/3 (50% gravel)
(very pale brown)
1-2m sandy clay 5YR 8/1 (50% mottles)
(white)
2-4m sandy clay 5YR 8/1 (white)
4-6m clay sand 1OYR 8/2 (pinkish white)
6-13m clay sand 7.5YR 812 (pinkish white)
13-15m clay sand 7.5YR 7/4 (pink)
15-16.5m clay sand 7.5YR 8/2 (pinkish
white)
16.5m basement rock
heavy sandy clay, sandy clay
coarse sandy clay
fine sand, loamy sand, loamy clay
sand
silt, silty clay loam, sandy clay
laom
silty clay
water table (deep bore)
bedrock
coarse sand
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Drilling Log Upper Slab Hut 1997
USH8/97
Easting:  541565 Northing: 6231127 Date drilled: 26/5/97
Slotted depth (m): -16.5 to -18.5 Salt Storage (TSS t/ha): 840
Groundwater salinity (mS/m): 901
Water level below ground (m): 7.59
Landform Pattern: Low hills (30 to 90 m relief)
Interpreted Geology: 0-18.5 m in situ weathered granitic material (mostly composed of
kaolinite).
Drilling Log Salt Storage Profile
0-1 m sandy clay loam 1OYR 6/1 (grey)
1-2 m sandy clay 1OYR 7/2 (light grey)
2-7 m sandy heavy claylOYR 8/1 (white)
7-12 m sandy clay 1OYR 8/1 (white)
12-18.5 m coarse sandy clay 1OYR 7/2
(light grey)
18.5 m basement rock
heavy sandy clay, sandy clay
coarse sandy clay
fine sand, loamy sand, loamy clay
sand
silt, silty clay loam, sandy clay
laom
silty clay
water table (deep bore)
bedrock
coarse sand
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Drilling Log Upper Slab Hut 1997
USH9/97
Easting:  540996 Northing: 6230212 Date drilled: 26/5/97
Slotted depth (m): -26.5 to -28.5 Salt Storage (TSS t/ha): 613
Groundwater salinity (mS/m): 987
Water level below ground (m): -14.36
Landform Pattern: Broad crests (5-15 m relief)
Interpreted Geology: 0-28.5 m in situ weathered granitic material (rich in kaoline).
Drilling Log Salt Storage Profile
0-1.5m loamy sand 7.5YR 7/4 (30%
gravel)(pink)
1.5-3m sandy heavy clay 5YR 8/1 (30%
moffles) (white)
3-5.5m sandy heavy clay 5YR 8/1 (white)
5.5-14m fme sandy heavy clay 5YR 8/1
(white)
14-19.5m sandy heavy clay 7.5YR 8/2
(pinkish white)
19.5-21m sandy clay 2.5YR 5/6 (red)
2 1-23m sandy clay loam 1OYR 8/6 (yellow)
23-24m sandy clay loam 1OYR 8/1 (white)
24-26m clay sand 1OYR 7/2 (light grey)
26-28.5m sandy clay loam 1OYR 7/3 (very
pale brown)
28.5m basement rock
heavy sandy clay, sandy clay
coarse sandy clay
fine sand, loamy sand, loamy clay
sand
silt, silty clay loam, sandy clay
laom
silty clay
water table (deep bore)
bedrock
coarse sand
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Drilling Log Upper Slab Hut 1997
USH10/97
Easting:  541200 Northing: 6230194 Date drilled: 28/5/97
Slotted depth (m): -34 to -36 Salt Storage (TSS t/ha): 1280
Groundwater salinity (mS/m): 1235
Water level below ground (m): -9.35
Landform Pattern: Low hills (30 to 90 m relief)
Interpreted Geology: 0-36 m in situ weathered granitic material (rich in kaoline).
Drilling Log Salt Storage Profile
1m sandy clay loam 10YR 7/6(10%
gravel)(yellow)
1-2m sandy clay loam 7.5YR 6/6 (5% gravel)
(brownish yellow)
2-3m sandy clay 5YR 8/2 (pinkish white)
3-10m sandy clay 5YR 8/1 (white)
10-17m sandy clay 5YR 8/1 (white)
17-36m sandy clay 5YR 8/1 (white)
36m basement rock
heavy sandy clay, sandy clay
coarse sandy clay
fine sand, loamy sand, loamy clay
sand
silt, silty clay loam, sandy clay
laom
silty clay
water table (deep bore)
bedrock
coarse sand
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Drilling Log Upper Slab Hut 1997
USH11/97
Easting: 540328 Northing: 6231401 Date drilled: 28/5/97
Slotted depth (m): -7.5 to -9.5 Salt Storage (TSS t/ha): 169
Groundwater salinity (mS/m): 1777
Water level below ground (m): -6.45
Landform Pattern: Low hills (30 to 90 m relief)
Interpreted Geology: 0-9.5 m in situ weathered medium-grained granitic material.
Drilling Log Salt Storage Profile
0-1 m sandy clay loam 2.5YR 5/5 (reddish
brown)
1-2m sandy clay 2.5YR 4/6 (red)
2-3m coarse sandy clay 7.5YR 7/6 (reddish
yellow)
3-7m coarse clayey sand 1OYR 8/6 (yellow)
7-8m coarse clayey sand 7.5YR 6/6
(reddish yellow)
8-9.5m coarse sand
9.5m basement rock
heavy sandy clay, sandy clay
coarse sandy clay
fine sand, loamy sand, loamy clay
sand
silt, silty clay loam, sandy clay
laom
silty clay
water table (deep bore)
bedrock
coarse sand
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Drilling Log Upper Slab Hut 1997
USH12/97
Easting: 540298 Northing: 6231561 Date drilled: 29/5/97
Slotted depth (m): -5 to –7 Salt Storage (TSS t/ha): 103
Groundwater salinity (mS/m): 1284
Water level below ground (m): -3.45
Landform Pattern: Low hills (30 to 90 m relief)
Interpreted Geology: 0-7 m in situ weathered medium-grained granitic material.
Drilling Log Salt Storage Profile
0-1m gravelly sandy clay loam 7.5YR 3/2
(dark brown)
1-6m sandy clay loam 7.5YR 7/6 (reddish
yellow)
6-7 m coarse sandy clay loam 7.5YR 7/6
(reddish yellow)
7 m basement rock
heavy sandy clay, sandy clay
coarse sandy clay
fine sand, loamy sand, loamy clay
sand
silt, silty clay loam, sandy clay
laom
silty clay
water table (deep bore)
bedrock
coarse sand
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Drilling Log Upper Slab Hut 1997
USH13/97
Easting: 530205 Northing: 6228868 Date drilled: 29/5/97
Slotted depth (m): -19.2 to -21.2 Salt Storage (TSS t/ha): 1024
Groundwater salinity (mS/m): 1930
Water level below ground (m): -3.8
Landform Pattern: Low hills (30 to 90 m relief)
Interpreted Geology: 0-2 1.2 m in situ weathered medium-grained granitic material.
Drilling Log Salt Storage Profile
0-1m sandy clay loam 1OYR 3/1 (very dark
grey)
1-4m sandy clay 1OYR 7/1 (light grey)
4-5m sandy clay loam 7.5YR 5/8 (strong
brown)
5-7m sandy heavy clay loam 7.5YR 7/6
(reddish yellow)
7-21.2 m sandy clay 7.5YR 7/6 (reddish
yellow)
21.2m basement rock
heavy sandy clay, sandy clay
coarse sandy clay
fine sand, loamy sand, loamy clay
sand
silt, silty clay loam, sandy clay
laom
silty clay
water table (deep bore)
bedrock
coarse sand
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Drilling Log Upper Slab Hut 1997
USH14/97
Easting: 530259 Northing: 6229144 Date drilled: 29/5/97
Slotted depth (m): -23 to -25 Salt Storage (TSS t/ha): 836
Groundwater salinity (mS/m): 2100
Water level below ground (m): -7.26
Landform Pattern: Low hills (30 to 90 m relief)
Interpreted Geology: 0-25 m in situ weathered fine-grained granitic material.
Drilling Log Salt Storage Profile
0-0.5m sandy loam 7.5YR 4/2 (dark brown)
0.5-2m sandy heavy clay 7.5YR 5/6 (strong
brown)
2-7m sandy light clay 7.5YR 7/6 (reddish
yellow)
7-10m sandy light clay IOYR 7/8 (yellow)
10-11m sandy light clay 7.5YR 6/6 (reddish
yellow)
11-13m loamy clay 7.5YR 6/6 (reddish yellow)
13-24m clay loam 1OYR 6/4 (light yellowish
brown)
24-25m coarse clay sand
25 m basement rock
Heavy sandy clay, sandy clay
coarse sandy clay
fine sand, loamy sand, loamy clay
sand
silt, silty clay loam, sandy clay
laom
silty clay
water table (deep bore)
bedrock
coarse sand
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Drilling Log Upper Slab Hut 1997
USH15/97
Easting: 525144 Northing: 6232203 Date drilled: 3/6/97
Slotted depth (m): -10 to -12 Salt Storage (TSS t/ha): 893
Groundwater salinity (mS/m): 2030
Water level below ground (m): -1.5
Landform Pattern: Low hills (30 to 90 m relief)
Interpreted Geology: 0-12 m in situ weathered medium-grained granitic material.
Drilling Log Salt Storage Profile
0-1m gravelly sandy clay 7.5YR 4/2 (brown)
1-4m clay 5YR 8/1 (white)
4-5m sandy clay 5YR 8/i (white)
5-12m clay 5YR 8/1 (white)
12m basement rock
heavy sandy clay, sandy clay
coarse sandy clay
fine sand, loamy sand, loamy clay
sand
silt, silty clay loam, sandy clay
laom
silty clay
water table (deep bore)
bedrock
coarse sand
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Drilling Log Upper Slab Hut 1997
USH16/97
Easting: 525069 Northing: 6232221 Date drilled: 3/6/97
Slotted depth (m): -10 to -12 Salt Storage (TSS t/ha): 303
Groundwater salinity (mS/m): 410
Water level below ground (m): -7.5
Landform Pattern: Low hills (30 to 90 m relief)
Interpreted Geology: 0-12 m in situ weathered medium-grained granitic material.
Drilling Log Salt Storage Profile
0-1m gravelly sand 10YR 8/4 (very pale
brown)
1-2m gravelly sandy clay 5YR 7/4 (pink)
2-3m gritty clay 5YR 7/4 (pink)
3-5m sandy clay 5YR 8/1 (white)
5-11m clayey sand 7.5YR 7/6 (reddish yellow)
11-12m sand
12m basement rock
heavy sandy clay, sandy clay
coarse sandy clay
fine sand, loamy sand, loamy clay
sand
silt, silty clay loam, sandy clay
laom
silty clay
water table (deep bore)
bedrock
coarse sand
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Drilling Log Upper Slab Hut 1997
USH17/97
Easting: 528004 Northing: 6238941 Date drilled: 5/6/97
Slotted depth (m): -22 to -24 Salt Storage (TSS t/ha): 2038
Groundwater salinity (mS/m): 1860
Water level below ground (m): -12.21
Landform Pattern: Low hills (30 to 90 m relief)
Interpreted Geology: 0-30 m in situ weathered medium-grained granitic material.
Drilling Log Salt Storage Profile
0-1m gravelly sandy loam 10YR 4/2 (dark
greyish brown)
1-3m sandy clay 7.5YR 7/6 (reddish yellow)
3-7m loamy clay 1OYR 7/8 (yellow)
7-9m sandy clay 5YR 8/1 (white)
9-12m sandy clay 7.5YR 8/4 (pink)
12-15 m coarse sandy clay 1OYR 8/6 (yellow)
15-17 m clayey coarse sand 1OYR 8/6
(yellow)
17-30 m coarse clayey sand 1OYR 8/6
(yellow)
30 m basement rock
heavy sandy clay, sandy clay
coarse sandy clay
fine sand, loamy sand, loamy clay
sand
silt, silty clay loam, sandy clay
laom
silty clay
water table (deep bore)
bedrock
coarse sand
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Drilling Log Upper Slab Hut 1997
USH18/97
Easting: 527931 Northing: 6239148 Date drilled: 5/6/97
Slotted depth (m): -21.1 to -23.1 Salt Storage (TSS t/ha): 719
Groundwater salinity (mS/m): 1775
Water level below ground (m): -12.01
Landform Pattern: Low hills (30 to 90 m relief)
Interpreted Geology: 0-23 m in situ weathered medium-grained granitic material.
Drilling Log Salt Storage Profile
0-1.5m gravelly sandy clay loam 2.5YR
5/6(red)
1.5-7m loamy clay 2.5YR 6/6 (light red)
7-11m sandy clay 7.5YR 7/8 (reddish yellow)
11-14m sandy light clay 1OYR 7/6 (yellow)
14-15m coarse clayey sand 1OYR 7/6 (yellow)
15-17m sandy light clay 1OYR 7/3 (very pale
brown)
17-23m sandy heavy clay 1OYR 7/2 (light
grey)
23.1m basement rock
heavy sandy clay, sandy clay
coarse sandy clay
fine sand, loamy sand, loamy clay
sand
silt, silty clay loam, sandy clay
laom
silty clay
water table (deep bore)
bedrock
coarse sand
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Drilling Log Upper Slab Hut 1997
USH19/97
Easting: 527709 Northing: 6239234 Date drilled: 5/6/97
Slotted depth (m): -8.2 to -10.2 Salt Storage (TSS t/ha): 185
Groundwater salinity (mS/m): 662
Water level below ground (m): -6.21
Landform Pattern: Low hills (30 to 90 m relief)
Interpreted Geology: 0-13 m in situ weathered medium-grained granitic material.
Drilling Log Salt Storage Profile
0-1.2m gravelly loamy sand 1OYR 6/6
(brownish yellow)
1.2-2.4m sandy clay 7.5YR 7/4 (pink)
2.4-3m sandy clay 7.5YR 8/0 (white)
3-8m sandy clay loam 7.5YR 8/6 (reddish
yellow
8-10.2m coarse loamy sand
10.2 m basement rock
heavy sandy clay, sandy clay
coarse sandy clay
fine sand, loamy sand, loamy clay
sand
silt, silty clay loam, sandy clay
laom
silty clay
water table (deep bore)
bedrock
coarse sand
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Drilling Log Upper Slab Hut 1997
USH20/97
Easting: 557787 Northing: 6239431 Date drilled: 6/6/97
Slotted depth (m): -10 to -12 Salt Storage (TSS t/ha): 298
Groundwater salinity (mS/m): 1160
Water level below ground (m): —3.69
Landform Pattern: Low hills (30 to 90 m relief)
Interpreted Geology: 0-13 m in situ weathered medium-grained granitic material.
Drilling Log Salt Storage Profile
0-0.2m sandy clay loam 1OYR 4/1 A horizon
(dark grey)
0.2-3m sandy clay 5YR 7/6 (reddish yellow)
3-4m sandy clay 5YR 8/1 (white)
4-7m sandy clay 7.5YR 6/6 (reddish yellow)
7-10m sandy clay loam 7.5YR 7/6 (reddish
yellow)
10-13m coarse clayey sand 1OYR 7/8 (yellow)
13m basement rock
heavy sandy clay, sandy clay
coarse sandy clay
fine sand, loamy sand, loamy clay
sand
silt, silty clay loam, sandy clay
laom
silty clay
water table (deep bore)
bedrock
coarse sand
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Drilling Log Upper Slab Hut 1997
USH21/97
Easting: 528083 Northing: 6239346 Date drilled: 6/6/97
Slotted depth (m): -14.8 to -16.8 Salt Storage (TSS t/ha): 599
Groundwater salinity (mS/m): 1015
Water level below ground (m): -4.61
Landform Pattern: Low hills (30 to 90 m relief)
Interpreted Geology: 0-16.8 m in situ weathered medium-grained granitic material.
Drilling Log Salt Storage Profile
0-0.3m sandy clay loam IOYR 4/1 (dark grey)
0.3-2m sandy clay 5YR 8/1, 20%
mottles(white)
2-3m sandy clay loam 7.5YR 8/2 (pinkish
white)
3-4m sandy clay loam 7.5YR 8/4 (pink)
4-10 m sandy clay 7.5YR 7/6 (reddish yellow)
10-16.8 m coarse sandy clay 7.5YR 7/6
(reddish yellow)
16.8 m basement rock
heavy sandy clay, sandy clay
coarse sandy clay
fine sand, loamy sand, loamy clay
sand
silt, silty clay loam, sandy clay
laom
silty clay
water table (deep bore)
bedrock
coarse sand
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Drilling Log Upper Slab Hut 1997
USH22/97
Easting: 528190 Northing: 6239041 Date drilled: 6/6/97
Slotted depth (m): -17.5 to -19.5 Salt Storage (TSS t/ha): 400
Groundwater salinity (mS/m): 627
Water level below ground (m): -5.6
Landform Pattern: Low hills (30 to 90 m relief)
Interpreted Geology: 0-19.5 m in situ weathered medium-grained granitic material.
Drilling Log Salt Storage Profile
0-0.3m sandy clay loam 1OYR 4/1 (dark grey)
0.3-1.5m sandy clay 7.5YR 6/6 (reddish
yellow)
1.5-3.5m sandy heavy clay 2.5YR 5/6 (red)
3.5-7m coarse sandy clay 5YR 8/1 (white)
7-11m coarse sandy clay 7.5YR 7/4 (pink)
11-19.5m coarse sandy light clay 1OYR 8/4
(very pale brown)
19.5m basement rock
heavy sandy clay, sandy clay
coarse sandy clay
fine sand, loamy sand, loamy clay
sand
silt, silty clay loam, sandy clay
laom
silty clay
water table (deep bore)
bedrock
coarse sand
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Appendix 2:  Terminology and abbreviations used in this
report
Terminology Description
Alluvial or alluvium Material that is deposited by water in low-lying areas and
floodplains.
Aquifer A water-bearing underground layer (stratum), that water can be
extracted from.
Archaean Early Precambrian era (Precambrian period was between 600
and 4,500 million years ago).
Baseflow The extended, low flow in a creek after surface runoff has
finished and when groundwater is the main contributor to the
flow.
Bedrock or Basement
rock
Hard rocks that are at the base of the weathered soil profile or
regolith.
Capillarity Rise of a liquid, which is in contact with a solid, due to surface
tension.
Capillary Fine spaces between soil particles which are interconnected.
Conductivity Ability of a rock or a solution to conduct an electrical current.
(electrical)
Degradation and
degrade
Decline in the condition of natural resources commonly caused
by human activities.
Discharging Groundwater coming to the soil surface.
Drill log A record of material drilled and findings while drilling a bore.
Flat An area that is almost level (<1% slope) and is not a crest or a
depression. When a large area of level land is higher than most
of the surrounding areas it is called a plain.
Geology Science of the earth (its origin, structures, composition,
historical changes and processes).
Granite rock An igneous rock that has an irregular, granular texture and its
grains can be seen. Composed of quartz (10-20%), feldspars
(70%), mica (5-10%) and other minor minerals.
Gravel Rock particles 2-4 mm in diameter.
Hydrology Science of water movement in relation to land and the soil
profile.
In situ; In situ
weathered material
In place; Weathered material that has stayed in its place of
weathering.
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Landform pattern
(LFP)
A toposequence (valley floor, hillside and ridge) described by its
relief, slope, landform elements and degradational problems
associated with its use.
Leaching The removal of some chemical components of a rock or soil by
water.
Local aquifer Aquifer with its recharge area located close to its discharge
area- short flow lines only. Groundwater levels in a local aquifer
usually form an open depression and flow lines are convergent.
mg/L Milligrams per litre.
mS/m MilliSiemens per metre (a measure of electrical conductivity).
Off-site Material or something that has originated elsewhere but has
been transported or transferred to a site.
Recharge A component of rainfall that drains below the root zone of
vegetation and joins the groundwater.
Regional aquifer An aquifer that is large, its flow lines are almost straight and
parallel, and it is fed by on-site as well as off-site recharge. (le
recharge can be located a long way from its discharge). We
have used this term for aquifers which are smaller than the
nationally known regional aquifers such as in Murray-Darling
Basin or artesian aquifers.
Regolith Weathered or sedimentary material that overlies basement rock.
Relief Changes in elevation within a specified distance.
Root zone Near surface part of a soil profile where roots are active.
Salt-affected An area where the growth of crops, pastures or natural
vegetation is reduced by excessive salt in the root zone.
Salt storage Salt storage is the amount of salt held in a soil profile. Salt
storage is measured in terms of kg per cubic metre (kg/rn3) or
tonnes per hectare (tlha). Salt storage is dependent on landform
patterns and rainfall.
Subsoil The B horizon (below the topsoil) of a soil profile. A soil horizon
is a layer of soil, approximately parallel to the soil surface, with
morphological properties that are different from layers below or
above. The B horizon is usually a zone of accumulation (of clay,
iron etc).
Tertiary A geological period that extended between 2 and 65 million
years ago. This period was characterised by active erosion and
sedimentation in the south-west of WA.
TSS/TDS Total soluble salts or total dissolved salts, usually measured in
milligrams per litre (mg/L).
THE SALINITY AND HYDROLOGY OF THE UPPERSLAB HUT CATCHMENT
73
Water balance A state of equilibrium when rainfall or irrigation water in a
landscape is accounted for by the sum of runoff, plant water
use, evaporation, recharge and changes in soil moisture
content.
Waterlogging Excess water in the root zone of plants such that it adversely
affects plant growth by prohibiting the exchange of gases with
the atmosphere. The soil profile need not be saturated for gas
exchange to be impaired.
Weathering Chemical, physical and biological decomposition of rocks. This
can result in the formation of a soil profile.
